Matrix inversion tomosynthesis ͑MITS͒ uses linear systems theory, along with a priori knowledge of the imaging geometry, to deterministically distinguish between true structure and overlying tomographic blur in a set of conventional tomosynthesis planes. In this paper we examine the effect of total scan angle ͑ANG͒, number of input projections ͑N͒, and plane separation/number of reconstructed planes ͑NP͒ on the MITS impulse response ͑IR͒ and modulation transfer function ͑MTF͒, with the purpose of optimizing MITS imaging of the chest. MITS IR and MTF data were generated by simulating the imaging of a very thin wire, using various combinations of ANG, N, and NP. Actual tomosynthesis data of an anthropomorphic chest phantom were acquired with a prototype experimental system, using the same imaging parameter combinations as those in the simulations. Thoracic projection data from two human subjects were collected for corroboration of the system response analysis in vivo. Results suggest that ANG= 20°, N = 71, NP= 69 is the optimal combination for MITS chest imaging given the inherent constraints of our prototype system. MITS chest data from human subjects demonstrates that the selected imaging strategy can effectively produce high-quality MITS thoracic images in vivo.
I. INTRODUCTION
Anatomic "noise" in planar radiographs has been shown to be the limiting factor for a variety of clinical detection tasks, including the detection of subtle pulmonary nodules.
1 By resolving overlying structures into distinct planes, tomosynthesis improves contrast and conspicuity, and enhances detectability for many clinical tasks, compared to standard twodimensional radiographic imaging techniques. 2 A topical review of past and present tomosynthesis methodologies is available in the literature. 3 In general, tomosynthesis slices exhibit high resolution in planes parallel to the image receptor, and may be acquired at a lower cost and radiation exposure than CT. When combined with a rapid acquisition digital x-ray detector, this narrow-angle 3-D imaging approach can be implemented on modified radiographic imaging systems, and incorporated into the high patient throughput typical of the radiography clinic.
Analogous to geometric tomography, the most basic tomosynthesis reconstruction method is simple backprojection. Unfortunately, backprojection alone leads to significant contrast-reducing tomographic blur from distant structures, imposed upon the reconstructed plane of interest. More sophisticated tomosynthesis reconstruction methods attempt to correct for the overlying tomographic blur and/or poor depth resolution, and include filtered backprojection [4] [5] [6] [7] [8] [9] [10] [11] ͑FBP͒, iterative deblurring, [12] [13] [14] [15] [16] iterative reconstruction, [16] [17] [18] [19] [20] and direct inverse 3, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] solutions among their ranks.
Matrix inversion tomosynthesis ͑MITS͒ is an inverse method that seeks to decouple in-plane detail from tomographic blur. The MITS solution is arrived at deterministically in the Fourier domain, and is computationally efficient compared to other inverse and iterative tomosynthesis algorithms.
Previous MITS work has illustrated a proof of concept for phantom imaging, 24, 25, 27, 28, 31, 33, 34 a cursory analysis of the effect of imaging parameters on the MITS system response 27, 29, 31, 34 and noise 26, 34 characteristics, practical strategies for clinical thoracic implementation on a prototype system, 31, 34 and preliminary results of an IRB-approved, NIH-funded, pilot study, examining the detectability of subtle pulmonary nodules in thoracic MITS data of human subjects. 30, 32, 34 Now, we seek to more thoroughly characterize the effect of acquisition and reconstruction parameters on the MITS system response, in search of an optimal implementation strategy for chest imaging. In this paper we will examine the effect of varying the number of projections ͑N͒, total scan angle ͑ANG͒ and the number of reconstructed planes ͑NP͒ ͓and/or plane separation ͑PSEP͔͒ on the MITS system response, characterized by linear systems theory, impulse response ͑IR͒ simulations, and the half-width at half-maximum ͑HWHM͒ of the modulation transfer function ͑MTF͒. Anthropomorphic chest phantom reconstructions, and in vivo human thoracic tomosynthesis data will also be presented for an illustration. Finally, a strategy that optimizes the MITS system response for the clinical acquisition and the reconstruction of MITS datasets in a thoracic imaging environment will be described.
II. MATRIX INVERSION TOMOSYNTHESIS THEORY AND IMPLEMENTATION

A. Theory
The conceptual framework for the MITS algorithm has been discussed in detail in previous publications. 3, 31, 34 The essence of the MITS algorithm is an attempt to distinguish between in-plane detail and residual tomographic blur in a conventional backprojection tomosynthesis dataset. Knowledge of the imaging geometry is combined with linear systems theory to generate a set of coupled linear equations that describe how objects located in distant planes within the reconstruction set are blurred onto each local plane of interest. Deblurring is then performed in the frequency domain, by multiplying the spectra of each conventional tomosynthesis plane by the inverse of the deterministic blur matrix for each frequency. This requires only a very manageable NPϫ NP matrix inverse operation for each frequency in the image, where NP is the number of tomosynthesis planes in the set ͑constrained to be fewer than the number of input projection images͒.
B. Implementation
Initial evaluation of MITS for chest imaging has been conducted on a prototype system constructed in our laboratory. 31 Projection images are acquired with a commercial prototype 41 cmϫ 41 cm indirect flat-panel detector with 0.2 mm pitch ͑Revolution TM , GE Medical Systems, Milwaukee WI͒, equipped with rapid acquisition hardware that delivers a maximum readout rate of 6.4 frames per second. ͑Note: Projection data is rebinned to 0.4 mm pitch prior to MITS reconstruction to reduce RAM consumption from ϳ1 to ϳ0.5 GB͒. A computer controlled device, retrofitted to a ceiling-mount x-ray tube, moves and rotates the x-ray source along a vertical path, parallel to the detector.
The use of vertical source motion reduces the matrix inversion mathematics to a single dimension. Although the pure MITS solution exactly solves for structures in the set of tomosynthesis planes in the absence of noise, poor conditioning of the matrices at the very lowest spatial frequencies gives rise to low-frequency noise amplification in MITS reconstructions. To address this issue, a frequency blending scheme is used, 31 whereby the lowest MITS frequencies are suppressed and augmented with corresponding lowfrequency content from conventional tomosynthesis images. ͑Note: All MITS images shown in this paper are reconstructed with the blending technique. Noise-free simulated IR and MTF data is shown for both "MITS-only" and "MITS-blend" formats͒. Figures 1-3 show the progression from PA radiograph to conventional tomosynthesis reconstruction to MITS reconstruction ͑ANG=7°,N=21,NP=19,PSEP= 11.3 mm͒ for an anthropomorphic chest phantom. Despite the very narrow source angle, MITS significantly enhances the visibility of an in-plane structure while suppressing the residual tomographic blur that contaminates the backprojection reconstruction. 
C. Practical constraints for clinical chest tomosynthesis
To limit respiratory motion during in vivo thoracic imaging, the completion of the entire acquisition sequence during a breath-hold is highly desirable. Thus, we constrain the total procedure time to roughly 10 s, which should be acceptable to all but the most infirm clinical subjects.
In a previous publication, 31 we describe an effective method for acquiring projection data at speeds that match the maximum readout rate of the prototype rapid acquisition detector ͑6.4 frames per second͒. The rapid acquisition strategy entails the use of continuous motion of the x-ray tube, with a series of rapidly pulsed exposures.
The two constraints ͑ϳ10 s duration, 6.4 fps͒ suggest that the maximum N be held to roughly 65, with an odd N selected to provide a central projection, which serves as the "home" projection during tomosynthesis reconstruction. This in turn places a limit on the number of MITS planes ͑NP͒ that can be reconstructed, as NPഛ N for proper inversion of the blurring matrices. In general, an odd NP is chosen to produce a central reconstruction plane, and the firmer constraint NPϽ N is adhered to. Thus, the maximum number of MITS reconstructed planes is N − 2.
A final constraint is enforced by the range of motion of the tube mover apparatus on our prototype system, which holds ANGഛ 25°.
III. TOMOSYNTHESIS MTF BACKGROUND
An understanding of the effect of varying ANG, N, and PSEP ͑and/or NP͒, on image quality in MITS reconstructed planes is vital to any attempt to optimize the technique. Although many image quality metrics exist for the comparison of imaging techniques, we will focus on metrics most commonly used in models that attempt to predict the human observer response for detection tasks. This paper will be dedicated to an IR and MTF analysis in MITS reconstructed planes, with a thorough NPS analysis to be considered in a forthcoming paper.
A. Linear conventional tomosynthesis MTF" , z…
The MTF for linear conventional tomosynthesis was well characterized in a paper by Grant in 1972, 35 and provides an informative starting point for an analysis of the MITS MTF. Figure 4 shows the acquisition geometry for a linear tomosynthesis procedure, obtained with source-to-image distance SID, total tube angle 2␣, and a stationary image receptor.
The response in a conventional tomosynthesis plane to an impulse located in plane P i , at a distance Z = ͉Z i − Z t ͉ from the reconstruction plane, P t , is simply a scaled version of the acquisition geometry. Assuming equally spaced projections distributed about the central tube position, the IR for conventional tomosynthesis, h z ͑x , y͒, is thus a series of delta functions ͓Fig. 5͑a͔͒, corresponding to a sampled version of a rect function in the direction of motion ͑along the y dimension for vertical tube movement͒: 
where N refers to the number of projection images, and is the uniform spacing between delta functions. Total width of the blurring function equals 2M eff Z tan ␣, where M eff is the effective magnification of the blurring function ͑as seen in the reconstructed plane͒ due to divergence of the ray source. M eff is itself a function of M i and M t , the standard imaging magnification incurred by the projection of objects located in the impulse plane and reconstructed plane, respectively. The sampled rect IR in the spatial domain gives rise to the conventional tomosynthesis MTF͑ , z͒:
where is spatial frequency in the vertical direction. Thus, the linear conventional tomosynthesis MTF amounts to a replicated sinc function in the Fourier domain, with replication spacing positively correlated with N and negatively correlated with ANG and Z, the absolute distance from the reconstruction plane:
Figures 5͑a͒ and 5͑b͒ illustrate the general shape of the conventional tomosynthesis IR and MTF functions, respectively, for fixed Z with an arbitrary imaging geometry.
The width of the main lobe of the transfer sinc function may be used to define either the effective slice thickness for a given frequency ͓Eq. ͑8͔͒, or the bandwidth of content transferred from a fixed distance, Z, onto a conventional tomosynthesis plane ͓Eq. ͑9͔͒:
͑8͒
Width of main lobe ͑fixed Z͒ = 2ͩ 1 2M eff Z tan ␣ ͪcycl es/mm.
͑9͒
B. Conventional tomosynthesis MTF as a basis for understanding the MITS MTF
Though the MITS algorithm is linear, the mathematics of the system response are not easily tractable. However, MITS planes are filtered versions of conventional tomosynthesis reconstructions, so it is relevant to consider the conventional tomosynthesis system response as a starting point for our characterization of the MITS MTF.
In backprojection tomography, the primary goal is to apply as extreme a low-pass filtration as possible to planes distant from the tomographic plane. In an ideal scenario, all details located off the plane of interest would be smeared completely, with only dc information remaining.
For conventional tomosynthesis, increasing ANG or Z decreases the width of the main lobe of the characteristic MTF sinc function ͓Eqs. ͑8͒ and ͑9͔͒, producing a more extreme low-pass effect, and therefore a more optimal blurring function. However, increasing ANG or Z also draws replications of the sinc function closer together on the frequency axis ͓Eq. ͑7͔͒, potentially allowing mid-and high-frequency detail to leak from distant planes onto the plane of interest. This undesirable side effect can be mitigated by increasing the number of projections, N. Ideally, the replication spacing would always be so large that only a single sinc function would exist below the cutoff frequency of the image detector, allowing the tomosynthesis MTF͑ , z͒ to approach the MTF͑ , z͒ of continuous geometric tomography. Figure 6 shows the effect of increasing N on the conventional tomosynthesis MTF͑ , z͒ given in Eq. ͑6͒, for a reconstructed plane located 250 mm from the detector ͑a typical location for a posterior slice in chest tomosynthesis͒, with ANG= 20°. Contours located off the main MTF peak at 250 mm represent the replicated sinc peaks that result from undersampling, as predicted by Eq. ͑7͒. Suppression of the distant frequency content is clearly improved as N is increased.
Horizontal slices through the N = 61 image in Fig. 6 at six different frequencies are displayed in Fig. 7 , and show how the in-plane response to distant signals can be viewed as a slice sensitivity profile ͓SSP ͑z͔͒ in a conventional tomosynthesis reconstruction with ANG= 20°, N = 61. In addition to providing excellent slice thickness information, the SSP plots illustrate the nonuniform response to various frequencies that are characteristic of limited-angle tomosynthesis.
IV. METHODS FOR CHARACTERIZING THE MITS MTF" , z…
A. Simulated wire for IR and MTF characterization
To evaluate the effects of variation in ANG, N, and PSEP ͑and/or NP͒ on the MITS IR and MTF, we simulated the noise-free response to a very thin wire running horizontally ͑constant y͒ through the image space, whose depth varies from z = 50.8 mm to z = 450.8 mm from left ͑x = 1st pixel͒ to right ͑x = 1024th pixel͒. ͑Note: Our prototype experimental system employs a 5.08 cm airgap between the faceplate and the detector, so the simulation was started at z = 50.8 mm͒. Simulated vertical motion of the x-ray source for a MITS acquisition allowed the generation of noise-free projection images that contained only a single impulse for each column in the image. Linear interpolation was used to account for projection data that split pixel bins. Each column in the corresponding MITS reconstructions was used to ascertain the system response to an impulse at a specific z depth. Figure 8 illustrates the simulated image space.
A Fourier transform was performed upon each column of the simulated reconstructions to determine the algorithm MTF͑ , z͒. Resulting MTFs were then condensed into measures of the half-width at half-maximum ͑HWHM͒ of the main MTF lobes, as a function of spatial frequency. HWHM͑͒ was used as a convenient measure of effective slice thickness, because it describes for a given spatial frequency the distance Z from the plane-of-interest at which the response to an out-of-plane signal falls to 50% of the inplane response.
To generate HWHM͑͒ curves, the MTF͑ , z͒ data from every column of every reconstructed plane in a given tomosynthesis set were rebinned according to the absolute distance ͓Z = abs͑z i − z t ͔͒ of the column's actual impulse location ͑z i ͒ from the reconstructed plane location ͑z t ͒, in 0.4 mm increments. These individual MTF͑ , Z͒ data were then av- eraged to yield a mean MTF͑ , Z͒. HWHM͑͒ was then defined as the Z value at which the mean MTF͑ , Z͒ dropped to 50% of its peak ͑in-plane͒ height. Thus, the resulting HWHM͑͒ data are averaged measures, which neglect small plane-to-plane variations due to the dependence of the MTF upon absolute distance z from the image receptor and nonuniform response due to varying partial-pixel splits.
IR functions and HWHM͑͒ were computed for conventional tomosynthesis, MITS-only, and MITS- 
B. Chest tomosynthesis of an anthropomorphic phantom
Visible differences in anatomical reconstructions due to varying imaging parameters were investigated using tomosynthesis data of an anthropomorphic chest phantom, acquired using the prototype experimental system described in Sec. II B, for the same set of imaging parameters used in the IR simulations ͑listed in the previous section͒. Two additional scans ͑ANG= 7°, N = 21, NP= 19; and ANG= 20°, N = 71, NP= 69; 204 mm total reconstruction depth͒ were also performed. MITS planes were subjectively examined for differences in the amount of anatomy in focus ͑i.e., effective slice thickness͒, and image artifacts ͑e.g., stair-stepping predicted by the IR and MTF when too few projections are used to sample the scan angle͒.
C. Chest tomosynthesis of human subjects
Thoracic MITS data of two human subjects were acquired with the prototype experimental system as part of an IRBapproved pilot study, in order to see if any notable differences were observed relative to reconstructions of the static anthropomorphic phantom, and to confirm the results of the system response analysis. The acquisition techniques varied slightly ͑ANG= 25°, N = 71; and ANG= 20°, N = 71͒. The cumulative tomosynthesis exposure for each scan was roughly equivalent to that of one 250-speed screen/film lateral radiograph. The total acquisition time was roughly 11 s in each case.
The ANG= 25°, N = 71 projection set was used to create three additional subsets for the purpose of examining the effect of scan angle on MITS image quality: ANG= 20°, N = 59; ANG= 15°, N = 45; and ANG= 10°, N = 31. MITS reconstructions from these four projection sets were computed with NP= 19, PSEP= 15 mm. Additionally, the original projection set was used to compute MITS reconstructions with all NP values used in the IR simulations, for a total imaging depth of 272 mm.
The ANG= 20°, N = 71 projection set was also used to generate MITS reconstructions with all NP values used in the IR simulations, for a total imaging depth of 258 mm.
V. RESULTS
A. Simulated IR results
Conventional tomosynthesis and "MITS-only" ͑no frequency blending͒ reconstructions ͑ANG= 20°, N = 61, NP = 9, PSEP= 37.5 mm͒ through the center of the simulated image space ͑z t = 250 mm͒ are displayed in Figs. 9͑a͒ and 9͑b͒, respectively. ͑Note: NP= 9 is not a typical setting, but is selected here for illustration purposes͒. Each figure displays a single reconstructed plane, with z t fixed at the location of plane #5 in the nine-plane reconstruction. Columns contain impulses ͑from the simulated wire͒ at varying depths, according to the simulation geometry ͑Fig. 8͒. Reconstructed planes are displayed in three dimensions, with each pixel's "height" proportional to its gray scale value.
The efficacy of MITS for the removal of tomographic blur is evident in the eight vertical canyons that exist at the locations of planes 1-4 and 6-9 in Fig. 9͑b͒ . It is also instructive to note that tomographic blur originating between reconstructed planes is not entirely removed by MITS. facts resulting from undersampling are evident in both N = 11 images, but the MITS-blend N = 11 plane is more substantially corrupted by the lack of projection data. On the other hand, the MITS-blend N = 61 reconstruction exhibits a noticeable narrowing of the main peak, compared with the identical conventional tomosynthesis reconstruction, suggesting a narrower effective slice thickness and more sharply defined slice profile.
Figures 11 and 12 contain data extracted from the central row of MITS-blend 3-D IR plots, for varying ANG and NP, respectively. These 2-D plots show in-plane sensitivity to information located at various depths, and thus provide a measure of effective slice thickness in the spatial domain. A decreasing slice thickness is observed with increasing ANG, or NP. Figure 13 shows the MITS-blend HWHM͑͒ curves for five tomosynthesis angles: ANG= 5°, 10°, 15°, 20°, and 25°. HWHM͑͒ decreases substantially as ANG increases from 5°to 15°, but changes little beyond 20°. Figures 14͑a͒-14͑d͒ compare HWHM values for MITSonly, MITS-blend, and conventional tomosynthesis reconstructions at ANG= 5°, 10°, 15°, and 20°. MITS is shown to produce a substantial narrowing of the effective slice thickness compared to conventional backprojection at low spatial frequencies and narrow scan angles. However, improvement is less pronounced at wider tube angles, which are more likely to be selected for MITS thoracic imaging. Figure 15 illustrates the effect of increasing NP ͑decreas-ing PSEP͒ on MITS-blend HWHMs, for N = 71, ANG= 20°. In particular, increasing NP from 9 ͑PSEP= 37.5 mm͒ to NP= 39 ͑PSEP= 7.9 mm͒ results in a tangible narrowing of the slice profile for certain low-frequency bands. There is little further improvement in HWHM for NPϾ 39.
B. Simulated HWHM"… results
C. Anthropomorphic chest phantom data
A MITS plane ͑with frequency blending͒ in an anthropomorphic chest phantom, acquired with 25°and 15°scans, is displayed in Fig. 16 . An arrow points to residual blur from the clavicle in image ͑b͒, illustrating the thicker slice profile of the 15°scan. By inspection, the distance from the posterior ribs ͑mov-ing towards the anterior͒ at which undersampling artifacts first become visually apparent in the chest phantom data is 15.0 cm for ANG= 25°, N = 71; 18.3 cm for ANG= 20°, N = 61; and 23.3 cm for ANG= 20°, N = 71. All planes beyond these threshold distances exhibit noticeable high-frequency artifacts from the posterior ribs. Figure 18 displays MITS-blend reconstructions of an in vivo human right lung, for NP= 19, and ANG= 25°, 20°, 15°, and 10°, respectively. Reconstructions ͑b͒-͑d͒ were created with a subset of the original projection data, and therefore appear noisier as the scan angle is reduced. The blur from nearby posterior ribs becomes less prominent as the scan angle is increased, confirming a decrease in slice thickness.
D. Chest tomosynthesis in human subjects
However, a subtle banding truncation artifact at the top of the images is pulled farther into the reconstructed plane as the ANG is increased. Figure 19 shows a centrally-located MITS plane in a longer-than-average male human thorax ͑lungs nearly span the 41 cm detector͒, reconstructed with ANG= 25°and ANG= 20°, respectively. The blur from posterior ribs is very slightly improved when ANG= 25°, but a truncation artifact at the top of the image noticeably contaminates several cm of the upper lung, which is a region of particular clinical relevance. The truncation artifact remains only slightly in the lung when ANG= 20°. Figure 20 shows the effect of varying NP on MITS human thoracic planes. Images ͑a͒ and ͑b͒ share the same location ͑z t = 136 mm͒, but come from reconstructions with NP= 69, PSEP= 4 mm, and NP= 19, PSEP= 15 mm, respectively. Arrows in image ͑b͒ point to easily visible near-plane detail, which is not strongly rendered in image ͑a͒, evidence that slice thickness is somewhat reduced by increasing NP from 19 to 69. Image ͑b͒ also exhibits substantial edge enhancement, but does render all detail with greater contrast than image ͑a͒. Image ͑c͒ is a plane from the same reconstruction set as ͑a͒, but is located two slices ͑8 mm͒ posterior. In this plane, two of the four objects highlighted by arrows in ͑b͒ are now in focus and rendered clearly, and a 1 cm nodule is easily visible ͑circle͒. Image ͑d͒ is one plane posterior to image ͑b͒, and only a blurred rendition of the nodule can be seen, evidence that PSEP= 15 mm is too large for the pulmonary nodule detection task. Figure 21 presents a female human thoracic MITS reconstruction acquired with ANG= 20°, N = 71, NP= 69, and PSEP= 3.8 mm. Pulmonary anatomy is rendered with excellent visibility and no truncation artifacts are present in the lung.
VI. DISCUSSION
Results of the IR and HWHM evaluation confirm that MITS effectively suppresses the abundant tomographic blur that contaminates conventional tomosynthesis reconstructions. The IR plot in Fig. 9͑b͒ demonstrates that MITS removes blur originating from the NP planes of interest. IR plots in Fig. 10 suggest that the main peak of the IR function is narrowed by the MITS solution, indicating a more sharply defined slice profile. The HWHM curves in Fig. 14 that MITS reduces the effective slice thickness of tomosynthesis slices, particularly at small scan angles, and for low-to mid-range frequency content.
Practical clinical constraints limit thoracic MITS imaging parameters to a maximum of N ϳ 71, NP=N−2, and ANG = 25°on our prototype system. IR sensitivity data in Fig. 11 and HWHM͑͒ curves in Fig. 13 show that increasing ANG yields MITS reconstructions with narrower slice profiles, as expected. This is confirmed visually by the suppression of out-of-plane blur as the scan angle is increased from 15°to 25°in MITS reconstructions of a chest phantom shown in Fig. 16 . However, only a small improvement in the HWHM ͑Fig. 13͒ is noted when the scan angle is increased from 20°t o 25°. This slight improvement is evidenced by somewhat better suppression of adjacent ribs in a 25°posterior human thoracic MITS slice than a corresponding 20°slice in Fig.  18 . However, in practice, we have observed that implementing a 25°scan angle with a stationary detector too often pulls subtle truncation band artifacts noticeably into the lung when scanning long human subjects, as seen in Figs. 18 and 19 .
Analytical MTF results ͑Fig. 6͒ suggest that even N = 101 somewhat under-samples a 40 cm deep imaging volume for ANG= 20°, resulting in the bleedthrough of some high-frequency detail from distant regions onto centrally reconstructed tomosynthesis planes. IR simulations in Fig. 10 confirm that maximizing N is the proper thoracic imaging strategy for MITS, which appears to be more sensitive to under-sampling than conventional tomosynthesis. MITS ROIs from an anthropomorphic chest phantom ͓Figs. 17͑a͒-17͑c͔͒ provide anecdotal evidence that discrete tomosynthesis artifacts are more prevalent and severe for ANG = 20°, N = 61, and ANG= 25°, N = 71 than for the combination ANG= 20°, N = 71. In practice, undersampling artifacts are always observed to be worse with a 25°scan angle than with a 20°scan angle, for constant N. These considerations, coupled with the observation of more extensive truncation artifacts during 25°scans, suggest that ANG= 20°and N = 71 are the optimum settings for our chest imaging configuration.
The effect of varying NP on MITS image quality is less pronounced. IR simulations ͑Fig. 9͒ suggest that MITS only solves for a blur emanating from depths that are part of the set of reconstructed planes, while blur originating from a between-plane structure is not completely suppressed. Simulated IR sensitivity curves in Fig. 12 also suggest a slight narrowing of the slice profile as NP is increased, with the greatest improvement in the 2-D IR sensitivity profile observed for NPϾ 49 ͑PSEP= 6.25 mm͒. Thus, we expect that maximizing NP ͑or minimizing PSEP͒ would be the ideal strategy for minimizing residual tomographic blur.
This strategy is supported by simulated MTF data ͑Fig. 15͒, which suggests a tangible narrowing of the HWHM͑͒ at low frequencies, for NP up to 39 ͑PSEP down to ϳ8 mm͒, given N = 71, ANG= 20°. The small peaks in the HWHM data for NP= 9, 19, and 29 are somewhat of a mystery, but it is interesting to note that their maximum concavity appears to coincide with PSEP/ 2 ͑18.75, 8.33, and 5.35 mm, respectively͒ in each case. In fact, out-of-plane blur maxima also appear between planes in the MITS IR plot of Fig. 9 . We therefore suspect that the small peaks in the HWHM curves likely result from the half-maximum of the MTF falling directly between reconstructed planes, into regions that are not modeled by the MITS solution. This observation argues for NPജ 39, or PSEPഛ 8 mm, according to the HWHM profiles. Asymptotic behavior of the same HWHM curves, however, suggests that a PSEP of 3 mm might be more ideal for rendering high-frequency content of between-plane structure with high contrast, while still limiting plane-to-plane redundancy.
Human thoracic MITS slices in Fig. 20 confirm the simulation results, as the near-plane blur is reduced by increasing NP from 19 to 69, and reducing PSEP to 4 mm results in the focused rendering of a 1 cm nodule that otherwise falls between planes when PSEP= 15 mm. Furthermore, increasing NP appears to reduce edge enhancement artifacts that are most severe in MITS reconstructions with small NP. Thus, we conclude that using the maximum NP= 69 ͑which yields the minimum PSEP= 4.4 mm for a typical 30 cm thoracic depth͒ is the optimal strategy for the detection of small pulmonary nodules, given the clinical constraints of our prototype system.
A single MITS plane through a human lung, produced with the optimized parameters ͑ANG= 20°, N = 71, NP = 69, PSEP = 3.8 mm͒, is shown in Fig. 21 , and demonstrates that the selected imaging strategy can effectively produce high quality MITS thoracic images in vivo.
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